We suggest a new parametric approach to estimate the extent of downward nominal wage rigidity in ten European countries between 1995 and 2001. The database used throughout is the User Data Base of the European Community Household Panel (ECHP). The proposed approach is based on the generalized hyperbolic distribution, which allows to model wage change distributions characterized by thick tales, skewness and leptokurtosis. Significant downward nominal wage rigidity is found in all countries under analysis, but the extent varies considerably across countries. Yearly estimates reveal increasing rigidity in Italy, Greece and Portugal, while rigidity is declining in Denmark and Belgium. The results imply that the costs of price stability differ substantially across Europe.
INTRODUCTION
As most European countries experience high unemployment rates, the question of possible gains from lessening the rather restrictive monetary policy has been discussed controversially. The hypothesis of the downward nominal rigidity of prices and especially of wages is often invoked to theoretically justify the assumption of stable negative correlations between unemployment rates and inflation. 1 However, the existence of downward nominal wage rigidity (DNWR) has been disputed. Moreover, even when its existence is taken for granted, neither measures of its extent and relevance nor appropriate methods to assess its impact are unanimously accepted.
Recently, evidence for the existence of downward nominal wage rigidity of a considerable extent in Europe has been provided by Knoppik and Beissinger (2005) using the histogram location approach proposed by Kahn (1997) . Wulfsberg (2004, 2007) suggested a non-parametric approach by means of bootstrap and simulation methods, which allow the use of data aggregated at the industry level. Despite the averaging effect of wage changes within industries, their analysis also yielded strong evidence for nominal wage rigidity in the EU comparable to estimates based on micro data. Crawford and Harrison (1997) analysed macro data on wage union settlements 1952-96 and found the share of wage changes around 0 to decrease systematically with inflation rates. Using additional micro data they found wage cuts to be more common for employees of smaller firms and non-unionized employees. Christofides and Leung (2003) applied the histogram location approach to Canadian data finding strong nominal wage rigidity, although this might be due partly to the use of union contract data. In a somewhat different context, Iara and Traistaru (2004) analysed wage flexibility in EU accession countries using a Phillips curve approach and found only moderate unemployment elasticities of wages for most accession countries. Based on survey results, asking employees directly about their attitude towards wage cuts, Agell and Lundborg (2003) found strong resistance to wage cuts even in high-employment and relatively low-inflation environments. Nickell and Quintini (2003) proposed a different statistical approach based on two truncated normal distributions with different dispersions below and above 0 wage changes. They provided evidence on nominal wage rigidity in the UK based on the New Earnings Survey but concluded that while there is statistically significant evidence for downward nominal wage rigidity, the extent is too small to be of concern. Smith (2000) investigated the issue of wage rigidity for the United Kingdom using data of the British Household Panel Study. She also found evidence for substantial downward nominal wage rigidity. Discussing the issues of rounding and measurement error in some detail led her to conclude that these potentially lead to overestimation of the extent of rigidity measures when using survey data. 2 The histogram location approach used in most empirical studies on downward nominal wage rigidity is a distribution-free approach. The main shortcoming of this approach is that the rigidity parameter cannot be estimated using a single cross-section as in this case the number of bins is less than the number of parameters to be estimated. This is especially unfortunate as it prevents the analysis of policy effects directed to increase labour market flexibility over short periods of time. Secondly, the histogram location approach as proposed by Kahn (1997) assumes a constant shape of the wage change distribution over time. Pure changes in dispersion can be accommodated by standardizing the distributions by means of dispersion measures, but after standardization zero wage changes will no longer be located in the centre of the relevant bin.
In this paper, we suggest a new method for estimating the extent of downward nominal wage rigidity based on generalized hyperbolic models. The approach allows to estimate the extent of rigidity accurately using single cross-sections only, thereby allowing to assess the time path of wage rigidity within countries. Because of the flexibility of the generalized hyperbolic model, we avoid shortcomings of alternative parametric approaches previously applied assuming, for example, symmetry of wage change distributions (Card and Hyslop, 1997) .
We estimate the extent of downward rigidity in nominal wage changes in ten European countries for individual years 1995-2001. The database used throughout is the User Data Base (UDB) of the European Community Household Panel (ECHP). The ECHP dataset has been analysed in detail by Behr et al. (2005) , Peracchi (2002) and Watson (2003) .
Our findings provide evidence for the existence of statistically significant and economically relevant wage rigidity in Europe. This evidence implies costs of the restrictive monetary policy and the low inflation rates across Europe during the last decade. As the extent of rigidity varies strongly across European countries, the costs of low inflation are distributed very unevenly across Europe. Analysis of the change in rigidity also reveals a very heterogeneous picture across Europe.
The paper is structured as follows: in Section 2 we introduce the generalized hyperbolic distribution, which we apply subsequently to the distribution of wage changes. To demonstrate the flexibility and suitability of the approach, we provide Monte Carlo results of the suggested approach showing its superiority compared with the histogram location approach. The database is described briefly in Section 3. Section 4 presents the empirical results and Section 5 concludes.
A FLEXIBLE PARAMETRIC APPROACH FOR ESTIMATING THE EXTENT OF WAGE RIGIDITY
Parametric approaches to the estimation of wage rigidity allow for the estimation based on cross-sections. However, these approaches have been criticized for their lack of sufficient flexibility as models of wage changes. Especially the feature of strong asymmetry of the wage change distribution 3 led to a critique regarding the use of symmetric distributions, for example the normal distribution (Card and Hyslop, 1997) . Nickell and Quintini (2003) proposed an alternative approach based on two truncated normal distributions with different dispersions below and above 0 wage changes. Using a time-series approach, they provided only indirect estimates of the extent of downward rigidity using dummy variables for classes of different inflation rates in a multiple regression setting.
We propose a new estimation approach based on the generalized hyperbolic distribution, which has been used lately in financial economics (Eberlein and Keller, 1995; Küchler et al., 1999) . This five-parameter family includes skew leptokurtic densities with thicker tails than the normal while still having moments of all orders. These features make the generalized hyperbolic distribution especially attractive for modelling wage change distributions. This parametric approach overcomes the shortcomings of the histogram location approach (Kahn, 1997) as well as the unrealistic assumption of symmetry (Card and Hyslop, 1997) and allows for a much more intuitive and direct estimation strategy than the Nickell and Quintini (2003) approach.
The rigidity model
Our approach starts with the notion of a density of wage changes f (x) that would prevail in the absence of downward nominal wage rigidity. Because of downward nominal wage rigidity the observed density of wage changes g(x) differs from the hypothetical density f(x) for negative and zero wage changes. A share r of employees facing hypothetical wage cuts experience a wage change of 0 instead. The parameter r is also referred to as 'fraction of wage cuts prevented' (FWCP). It follows that
The basic assumption that notional and empirical distributions are identical for positive wage changes is made in the majority of empirical analyses. Based on a theoretical model, Elsby (2004) argues that the empirical distribution might be compressed even for positive wage changes. In the theoretical model, this compression results from two different sources: employers anticipate difficulties in cutting wages in the future and therefore they lower their offered wage increases today ('active compression'). Additionally, due to the overall wage-increasing effect of DNWR, employers have to raise wages less under DNWR to reach 'optimal' wage levels ('latent compression'). Whether the empirical content of these effects is relevant has to be examined in future research.
The observed density around x 5 0 is the sum of the probability of an interval including 0, R e Àe f x ð Þ dx, and the shifted frequency of prevented negative wage changes Z ¼ r R Àe À1 f ðxÞdx. Using the indicator function I( Á ), we have the following relation between observed and hypothetical wage change distributions: Figure 1 illustrates the working of the rigidity mechanism. The missing area for x values below 0 in the density f(x) (the distribution of wage changes without rigidity) is shifted towards the observed density around the value of 0.
The generalized hyperbolic distribution
The hyperbolic distribution has been used by geomorphologists to model the shape of dunes of windblown sand (Barndorff-Nielsen, 1977) . Because of its flexibility, the hyperbolic model was found to provide a good model for the distribution of asset returns (Eberlein and Keller, 1995; Küchler et al., 1999) and has been applied for value at risk modelling (e.g. Bauer, 2000) .
The generalized hyperbolic distribution is described by five parameters (a, b, d, m, l) 5: C. Its probability density function is given by
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi a 2 À b 2 q and d40, 0 |b|oa. The function K l (t) is the modified Bessel function of the third kind with index l, also known as the MacDonald function. It can be represented as
Further integral representations are discussed by Watson (1966, Ch. 6.22 ). The density is unimodal, the distribution is infinitely divisible and moments of all order exist. The form of the density can accommodate all of the stylized facts about distributions of wage changes, allowing for leptokurtic and right-skewed distributions depending mainly on the parameter values of (a, b). The tails are of order jxj lÀ1 expððÇa þ bÞxÞ; x ! AE 1 and are thus thicker than the tails of the normal density. The behaviour in the left and the right tail can be described independently by the judicious choice of a and b. In contrast to the suggestion of Nickell and Quintini (2003) in whose combined normal distributions the variance is conflated with the different tail behaviours, the generalized hyperbolic distribution allows for a clear distinction between overall variance and the asymmetry of the tail behaviour.
We illustrate the flexibility of the generalized hyperbolic distribution in Figure 2 .
Two special cases arise from l 5 1 (the hyperbolic distribution) and from d ! 0 (the variance-gamma distribution). A further special case arises from l 5 1, d ! 0 and b 5 0. Then the density reduces to that of the Laplace (or double exponential) distribution with density
(see Kotz et al., 2001) . Density Figure 2 Generalized hyperbolic distributions. Solid line: a 5 1.3, b 5 0.8, d 5 0.08, m 5 1.5, l 5 0.9; dotted line: a 5 2, b 5 0, d 5 1, m 5 0, l 5 1; dashed line: a 5 3, b 5 À 1.5, d 5 1.5, m 5 2, l 5 1.1
The estimation procedure
We estimate r and the vector of parameters (a, b, d, m, l) 0 by maximizing numerically the log likelihood, which is given under the assumption of n independent wage changes as 4
To satisfy the restrictions d40, 0 |b|oa we parametrize C as a 5 exp(a), b 5 a tanh(b) and d 5 exp(d).
Note that the parameters are variation independent (except for the restriction a4|b|). Furthermore, the tail behaviour essentially determines the parameters a, b so that r is identified even from cross-sectional data. The identification of r rests both on the pile-up of the probability mass at zero and the mass deficiency in the left tail.
Simulation results
To provide suggestive evidence for the adequacy of the proposed generalized hyperbolic model, we present some Monte Carlo results. We are especially interested in whether the approach provides reasonable estimates of the rigidity parameter and its standard error.
The set-up of the simulation is aimed to mimic empirical wage change distributions, which are known to show strong asymmetry and leptokurtosis. Both characteristics can inter alia be reproduced by a two-component Gaussian mixture distribution. Additionally, we regard it as a test for the robustness of the proposed estimation procedure when its performance is gauged with respect to a data-generating mechanism different from the hyperbolic model.
Because we allow the proportion of the two normal components as well as the means and standard deviations to vary considerably and independently, an extraordinary variety of wage distributions will occur in the simulations: Here, j indexes the simulations, k the components of the mixture, n is the sample size, U(a, b) refers to the uniform distribution on the interval (a, b) and N(m, s) is the normal distribution with mean m and standard deviation s. The chosen parameters result in distributions of x with means between 0.01 and 0.1 and variances approximately between 0.004 and 0.04. The skewness varies approximately between À 0.6 and 1. According to the inequality (2.5) of Everitt and Hand (1981, p. 30) , the parameter constellations guarantee the unimodality of all simulated wage change distributions.
One might suspect that the estimation procedure is sensitive with respect to the choice of the width of the interval capturing zero wage changes (x 5 0), which is 2e. Therefore, we analyse three different choices of e : {0.0005, 0.001 and 0.0015}.
We present simulation results for three different n : {500, 1,000, 5,000} in Table 1 . The reliability of the estimate of r and the accuracy of the estimated standard error hold for all sample sizes and all choices of e. For each choice of e, we give in the first line the average of estimated r, below the square root of the average estimated variance ðŝ r Þ, and in the third line the square root of the variance (s r ) calculated as the square root of the variance of estimated r coefficients.
We find that the rigidity parameter r is estimated accurately and that the true standard deviation is well approximated byŝ r , even for small sample sizes.
THE ECHP
The ECHP is a longitudinal survey of households and individuals covering countries of the European Union (EU). Because of its far-reaching harmonization, the ECHP facilitates cross-country comparisons within the EU in many different aspects of economic and social life. Peracchi (2002) provides a comprehensive description of the ECHP and detailed information about the organization of the survey. The first wave of In most of the participating countries, the survey had been newly commenced, whereas a few countries used already existing panel surveys. In Belgium and the Netherlands, already ongoing panels were used for data collection, while in three countries, Germany, Luxembourg and the United Kingdom, a unique situation emerged, because ongoing panels ran parallel with the new ECHP national subsamples for three years. In 1997, these three national subsamples were terminated and from that year onwards, the data for the ECHP are derived from the existing national panels. These are the German Social Economic Panel (GSOEP), the Luxembourg's Social Economic Panel ( PSELL) and the British Household Panel Survey (BHPS). The ECHP-UDB covers only the ECHP survey in Luxembourg. Because our objective is to analyse wage growth between 1994 and 2001, we consider only national surveys in Germany (GSOEP) and the United Kingdom (BHPS) in our analysis by country. This analysis is based on the 2004 version of the ECHP-UDB, which contains all available eight waves 1994-2001. In our analysis, we include ten countries, which took part in all eight waves: Germany, Denmark Belgium, France, United Kingdom, Ireland, Italy, Greece, Spain and Portugal. 5 Behr et al. (2005) , Peracchi (2002) and Watson (2003) provide an analysis of panel participation and attrition in the ECHP.
In contrast to previous studies (e.g. Kahn, 1997) , we do not restrict the sample to 'on-the-job-stayers', because, firstly, nominal wage rigidity could also prevent job movers from accepting wages below previous wage levels and, secondly, we wish to assess overall nominal wage rigidity irrespective of possible influences such as low or high shares of job movers. In the sample finally used for estimation, we include all employees aged between 18 and 65, working at least 20 hours a week. Yearly wage changes are computed based on hourly wage rates. Because we regard observations with extreme relative wage changes as highly suspect, observations outside the central 98% interval of the distribution are excluded from the analysis.
THE EMPIRICAL EVIDENCE FOR NOMINAL WAGE RIGIDITY IN THE EU
In this section, we first provide descriptive evidence for the existence of downward nominal wage changes as well as for high shares of constant wages for ten European countries. Histograms of the wage change distributions 2001 5. Because of severe data problems, we did not include the Netherlands in our analysis. for all countries are given in Figure 3 . The median is indicated by a vertical line and the bin containing zero wage changes is black.
Downward Wage Rigidity in Europe
To emphasize the relevant area of the distribution using a bin width of 2%, only the range À 30% up to þ 50% is depicted in the figure. The frequencies below and above these values are transferred to the outer bins in the histogram. It is evident that the observed distribution g(x) contains a considerable peak at the value x 5 0.
Left to the value x 5 0, the densities are considerably smaller than the densities one would expect if wage changes were symmetric around their expectations. The histograms indicate strong wage rigidity in Denmark, France, Greece and Portugal, while there is no clear sign of rigidity for Ireland and Spain. For Italy and Greece, we find an extremely high density for the bin containing 0 wage changes of about 16% in 2001. Table 2 contains some descriptive statistics characterizing the wage change distributions in 2001. Note that the comparison across countries allows for a certain control of measurement error and its impact on the fraction of constant wages. Since national currency units vary considerably, it is to be expected that the rounding behaviour of respondents will vary accordingly. This is partly reflected in the last column of Table 2 . Because the rounding behaviour should be similar through time, measurement error potentially influences the levels of rigidity but will not affect the relative changes.
Using the proposed estimation procedure based on the generalized hyperbolic distribution, we now provide estimates of the extent of downward nominal wage rigidity. Table 3 contains the estimated wage rigidity parameter using the maximum likelihood estimator for the model discussed in Section 2 based on the generalized hyperbolic distribution. We restrict attention to the year 2001. Throughout, we set the parameter e, which is half the width of the interval containing zero wage changes at the value of 0.001.
We find the rigidity parameter r to be statistically significant according to the t-statistic (column 3 in Table 3 ) for all countries. Wage rigidity is especially strong in Greece, Portugal, Italy and Denmark and the lowest in Ireland, Spain and the United Kingdom. These estimation results confirm strongly the graphical evidence given in Figure 3 . All estimates are statistically significant at the 1% level. Figure 3 shows the histograms of the observed wage changes with the estimated generalized hyperbolic distributions superimposed. The fitted wage change distribution is depicted with a solid line (note that the observed and counterfactual wages are identical above zero wage changes) and the left part of the hypothetical parametric distribution in the absence of rigidity is shown with a dashed line. It is evident that the estimated model fits the data for most countries extremely well. However, for Germany, the United Kingdom and Spain, we observe a slight underestimation of empirical densities in the interval 0-0.1. This happens even though the generalized hyperbolic distribution is capable of representing highly peaked densities.
When interpreting the empirical results, it must be kept in mind that the actual share of employees subject to nominal wage rigidity is the product of the share of employees facing wage cuts in the absence of rigidity, multiplied by the potential rigidity share (r). Therefore, countries with high potential rigidity will experience stronger effective downward nominal wage rigidity the further the wage change distribution is located to the left.
The extent and change of downward nominal wage rigidity in all countries is presented in Figure 4 , which depicts the yearly estimates for all ten countries. The numerical values and moments of the estimated counterfactual distributions are given in Appendix A.
No general conclusion regarding the direction of development can be reached. We find increasing nominal downward wage rigidity in France, Italy, Greece and Portugal. Downward nominal wage rigidity declined in Denmark, Belgium and Spain. To assess the significance of changes in downward wage rigidity, one may start with a rough approximation. The dependence between estimatesr t andr tþ1 results from two sources. On the one hand, as functions of the observed wages they both depend on the wages x t at time t: x t appears in the numerator of the relative wage change from whichr t is computed and in the denominator in the computation ofr tþ1 . This implies negative correlations of consecutive r-estimates, so that ignoring dependence provides a conservative test of significance. According to this reasoning, we find, for example, the small differences for Germany to be insignificant whereas the strong increase in Portugal from 1998 to 1999 would be significant. On the other hand, the panel data structure will induce a positive correlation between the x t through time. The effect of this correlation on the estimates, however, is extremely difficult to gauge.
COMPARISON WITH HISTOGRAM LOCATION APPROACH ESTIMATES
We also apply the widely used histogram location approach. The histogram location approach 6 is described in detail in Kahn (1997) and is adapted using a binwidth of 0.02 after standardizing the wage changes by subtracting the country-and year-specific medians and division by percentile difference q 90 À q 50 to account for different dispersion-indifferent years. Note that the histogram location approach does not allow for yearly estimates of r. In Table 2 , the estimates for the histogram location approach are given, along with the simple average of our yearly estimates making use of the parametric approach (Table 4) . 6. We apply the proportional model of Kahn (1997) , which assumes a constant share of counterfactual wage changes below 0 to be shifted towards 0. While the ranking of countries according to the extent of rigidity is almost identical, the averages of the yearly estimates using the parametric generalized hyperbolic approach result in higher estimates of the wage rigidity parameter for France and especially for Greece and lower estimates for Denmark and Portugal. When inspecting the histograms given in Figure 3 , the estimates obtained using the parametric approach seem much more plausible. The estimated rigidity parameters of the parametric approach are slightly smaller than those obtained by Knoppik and Beissinger (2005) . However, their estimates are based on samples restricted to job stayers, which presumably causes an upward selection bias (Elsby, 2004 ).
DOWNWARD NOMINAL WAGE RIGIDITY, SWEEP-UP AND INFLATION
When interpreting the empirical results, it has to be kept in mind that r is a conditional probability
Denoting the share of employees at 'risk' of facing DNWR as
where X c refers to the wage change variable in the absence of rigidity, the actual share of employees being effectively restricted is the product of the share (o) multiplied by the FWCP (r). Therefore, countries with high FWCP will experience stronger effective downward nominal wage rigidity the further the wage change distribution is located to the left.
Because rigidity prevents some wages from falling, the overall wage increase ('sweep-up') due to rigidity is higher than in the absence of rigidity. The extent of nominal wage increase caused by DNWR can be estimated in two different ways: either based on empirical wages and estimatedr or based on the estimated parametric wage distribution andr. In fact, the expected wage change in the absence of rigidity can be estimated non-parametrically where the conditional expectations as well as the probabilities refer to the observed wage change distribution
or alternatively one may simply calculate the expected value of the estimated generalized hyperbolic model. In Figure 5 , we show the difference between mean wage increases and mean counterfactual wage increases, namely E g ðXÞ À E f ðX c Þ. Formulas and numerical estimates are provided in Appendix A.
The location of the wage change distribution will generally depend on inflation rates since higher inflation rates shift the wage change distribution to the right (unless complete nominal money illusion is assumed). Consequently, higher inflation rates lead to lower shares o of possibly restricted wages and may thus reduce the effect of high FWCP. Figure 6 displays the inflation rates across countries for the time interval 1995-2001 and the estimated FWCP for the period 1995-2001. The figure suggests that there is hardly any stable positive correlation in the level of estimated rigidity parameters and inflation rates across countries.
In Figure 7 , we show the scatterplot of average estimated rigidity parameters and average inflation rates by country. We find a positive correlation of 0.38. However, this positive correlation is strongly influenced by the observation of Greece. Dropping the observation for Greece reduces the correlation to 0.28. As inflation shifts the wage change distribution to the right, the positive correlation, albeit not very strong, might reduce the effect of rigidity. However, comparing the rigidity estimates with the finally resulting sweep-up of overall wage change still reveals a very strong correlation. We conclude that inflation did not reduce the effects of DNWR considerably. This might be partly due to the effects of inflation on the rigidity itself because of rational expectations. While we cannot resolve the issue of the effects of inflation on the sweep-up and the offsetting effect of inflation on wage bargaining behaviour, our new estimation procedure allows to estimate both the rigidity parameter and the resulting sweep-up of wage increases reliably from cross-sectional data.
CONCLUSIONS
We suggest a flexible parametric approach based on the generalized hyperbolic distribution to estimate the extent of downward nominal wage rigidity across Europe. Our approach overcomes some of the shortcomings of the histogram location approach, which does not allow for yearly estimates. By means of a Monte Carlo simulation, we show that our approach provides reliable estimates of the rigidity parameter as well as of derived quantities such as sweep-up and the share of wage cuts prevented. Our empirical analysis for ten European countries reveals strong differences in estimates of the wage rigidity parameter, ranging from an average of about 6% for the United Kingdom up to an average of about 32% for Portugal. When analysing the change in downward nominal wage rigidity, increasing rigidity is found in Italy, Greece and Portugal. Rigidity declined in Denmark and Belgium. For the United Kingdom, Ireland and Spain, rigidity is found to be stable at very low levels throughout the period 1995-2001. The divergent trends in rigidity cast doubt on the existence of a general trend of the extent of wage rigidity across Europe. Furthermore, the strong differences of wage rigidity imply an extremely uneven distribution of effects of low-inflation policies across the EU.
APPENDIX A
The cumulant generating function of the generalized hyperbolic distribution is given by kðs; CÞ ¼ l 2 log ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi a 2 À b 2 q a 2 À ðb À sÞ 2 0 @ 1 A þ log K l d ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi a 2 À ðb þ sÞ 2 q K l d ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi a 2 À b 2 q 0 B B @ 1 C C A þ sm Since a4|b|, k(s; C) is defined for s in a neighbourhood of 0, one can thus calculate the expectation and variance:
. 7 These formulas have been used to compute the characteristics of the counterfactual distribution and approximations of the extent of the 'sweep-up' effect ðE g ðXÞ À E f ðX c ÞÞ given in 
